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@ Method for thermally insulating a pipeline. 

® Method for thermally insulating a pipeline (33) 
along at least part of its length, the method compris- 
ing manufacturing a protective sleeve (42) around 
the pipeline (33) at a selected radial distance there- 
from in a die (4) and inducing both the sleeve (42) 
and the pipeline (33) to move axially at substantially 



the same speed relative to the die (4) while main- 
taining an annular space (51) between the sleeve 
(42) and the pipeline (33). Components for forming a 
thermal insulation layer are progressively injected in 
the annular space (51) between the sleeve (42) and 
the pipeline (33). 
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METHOD FOR THERMALLY INSULATING A PIPEUNE 



The invention relates to a method for thermally 
insulating a pipeline along at least part of its length. 
It is known in the art to insulate a pipeline by 
applying a thermal insulation layer around the pipe- 
line. A subsea pipeline may additionally be pro- 
vided with a protective sleeve around the thermal 
insulation layer so as to protect the said layer 
against damage from hydrostatic pressure. In order 
to allow the insulated pipeline to be laid by any one 
of the existing pipelaying methods, the thermal 
insulation layer and the sleeve should have ade- 
quate flexibility. 

US patent No. 4 657 050 discloses a method 
for thermally insulating a pipeline, wherein first a 
thermal insulation layer is manufactured around the 
pipeline and whereupon a plastic sleeve of uniform 
diameter is manufactured around the insulation lay- 
er. 

In the known method it is required to machine 
the insulation layer to a uniform outer diameter 
before manufacturing the plastic sleeve, in order to 
allow the sleeve to be fitted around the thermal 
insulation layer. 

It is an object of the invention to provide a 
method for thermally insulating a pipeline wherein 
an adequate fit of the plastic sleeve around the 
thermal insulation layer is obtained while eliminat- 
ing the step of machining the said layer to a 
uniform diameter. 

In accordance with the invention a method for 
thermally insulating a pipeline along at least part of 
its length comprises: 

- manufacturing a protective sleeve around the 
pipeline at a selected radial distance therefrom in a 
die and inducing both the sleeve and the pipeline 
to move axially at substantially the same speed 
relative to the die while maintaining an annular 
space between the sleeve and the pipeline. 

- progressively injecting components for forming a 
thermal insulation layer in the annular space be- 
tween the sleeve and the pipeline. 

The method according to the invention enables 
manufacturing of an annular thermal insulation lay- 
er and a protective sleeve around a pipeline in a 
single operation and in a continuous manner. 

Preferably the components for forming the 
thermal insulation layer comprise a thermosetting 
resin, which resin is allowed to cure in the annular 
space between the sleeve and the pipeline so as to 
form a thermal insulation layer around the pipeline. 
An insulation layer made from such a resin has 
adequate mechanical properties even at elevated 
temperatures. 

It is preferred to inject microspheres into the 
annular space between the sleeve and the pipeline 



simultaneously with the thermosetting resin so as 
to create a syntactic insulation layer having a low 
thermal conductivity and a high resistance against 
hydrostatic pressure. 
5 Preferably 7the-$tep7of manufacturiing: tfiepror j 

tective sleeve is carried out simultaneously with the 
step of progressively irijectihg the components for 
forming the the^riMi insulation layerT S^ 

^J^® X^quifed: t^^ further 

Preferably the step of manufacturing the pro- 
tective sleeve comprises supplying a thermosetting 
resin for forming the sleeve to an annular space 
between the die and a mandrel extending in tiie 
15 die. allowing the thermosetting resin for forming the 
sleeve to cure so as to form the sleeve and si- 
multaneously inducing the sleeve to move through 
the die. 

Suitably the step of manufacturing the sleeve 
20 further comprises supplying fibres to the annular 
space between the die and the mandrel simulta- 
neously with the thermosetting resin for forming the 
sleeve. 

The invention will now be explained in more 
25 detail with reference to the accompanying draw- 
ings, wherein: 

Rgure 1 shows schematically a longitudinal 
cross-section of an apparatus for thermally insulat- 
ing a pipeline by the method according to the 
30 invention: 

Rgure 2 shows cross-section ll-ll of Rgure 

1: 

Rgure 3 shows schematically the apparatus 
of Rgure 1 and a pipeline being thermally insulated 

35 by the method according to the invention; and 

Rgure 4 shows schematically a longitudinal 
cross-section of an alternative apparatus for ther- 
mally insulating a pipeline by the mettiod accord- 
ing to the invention. 

40 Reference is now made to Rgures 1 and 2. 

which show a cylindrical mandrel 1 extending con- 
centiically into a die 4. the die having a larger 
internal diameter than tiie outer diameter of the 
mandrel 1. Thus, an annular space 7 is formed 

45 between the outer wall 10 of the mandrel 1 and the 
inner wall 13 of the die 4. The end of the die 4 
through which the mandrel 1 extends is defined as 
the inlet end 16, and tfie opposite end of the die 4 
is defined as the outiet end 19. 

50 The mandrel 1 is provided with a cylindrical 

channel 22 arranged concentrically in the mandrel 
1, which channel has an internal diameter cor- 
responding to the outer diameter of a pipeline 
which is to be insulated. Furthermore the mandrel 
1 is provided with two feed channels 25.26 extend- 
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ing parallel to the cylindrical channel 22. 

A primary heater 29 and a secondary heater 30 
surround the die 4 along part of its length. 
Reference is now further made to Figure 3^ 
^aujing^^nonBalrOperation is in^ 

vduced-to mov^axially th^^^ the cy Hndwal c^^ 
,nel 22 of the mandrel 1 and through the die 4. in 
the direction (d) frorhThe iniet end 16 to the outlet' 
end^19. 

A thermosetting resin Is introduced at the Inlet 
end 16 of the die 4 into tha annular space 7 
{between the die 4 and the mandrel 1. Rpyings 36 
are introduced" intoT the .annular space 7 simulta-J 
nebusly witlr^^^^^ Tl^® ^^^^T 

rnosetting resin is allowed to adhere to the rovings\ 
36; The thermosetting resin starts to cure in the die ^ 
4; thereby forming a protective sleeve 42. The j 
Croyings 36 provide stability for the sleeve until 
curing has taken place. ) 

Reinforcement fibres 45 are supplied to the 
annular space 7 between the die 4 and the mandrel 
1 simultaneously with the thermosetting resin, 
which fibres 45 are allowed to adhere to the ther- 
mosetting resin. The fibres 45 are arranged in the 
form of a filament mat 48. 

The sleeve 42 is pulled at the same speed as 
the pipeline 33 through the die 4. while an annular 
space 51 is maintained between the pipeline 33 
and the sleeve 42} 

A rnixture 54 of a polyester resin and hollow 
glass inicrospheres is continuously injected - 
through the feed channels 25,26 of the mandrel 1 / 
into the space 51 between the pipeline 33 and the 
sleeve 42 in which space the polyester resin is 
allowed to adhere to the outer wall of the pipeline 
33 and to the inner wall of the sleeve 42. The^^ 
polyester resin cures to a synUctic insulation layer 
<57 of matrix material in which hollow glass micro- 
spheres are embedded. 

Curing of the polyester resin and the ther- : 
rnosetting resin is accelerated by heating the said 
<resins with^ the heaters 29;30. The heat provided by 
^the heaters 29.30 is controlled so that the polyester 
resin and the thermosetting resin are virtually cured 
by the tlrhe.these resins leave the die 4. 7 

Figure 4 shows a tapered die construction for 
use in the method according to the invention. Both 
the thermosetting resin and the polyester resin 
may have a tendency to shrink during curing. To 
reduce the occurrence of thermal cracks and voids 
in the sleeve 42 and/or the syntactic insulation 
layer 57 due this tendency of shrinkage a tapered 
die 58 can be used. This tapered die 58 is similar 
to the tubular die with reference to Rgures 1 and 2, 
except that the tapered die 58 comprises an inter- 
mediate part 60 which is internally tapered. The 
intermediate part 60 is arranged between an inlet 
part 63 and an outlet part 66 of smaller internal 



diameter than the inlet part, and the intermediate 
part 60 tapers internally from the inner diameter of 
" "the inlet part 63 to the inner diameter of the outlet 
part 66. The mandrel 1 has a smaller outer diam- 
5 eter than the inner diameter of the inlet part 63 of 
the die 58. which mandrel 1 extends concentrically 
into the inlet part 63. Thus, an annular space 7 is 
formed between the inner wall 67 of the inlet part 
63 of the die 58 and the outer wall 10 of the 
w mandrel 1. 

The tapered die 58 operates substantially simi- 
lar to the tubular die 4 shown in Rgures 1 . 2 and 3. 
However, in use the sleeve 42 moves along the 
tapered inner wall of the intermediate part 60 of the 
75 tapered die 58/and thereby the sleeve 42 and the 
syntactic insulation layer 57 are radially com- 
pressed as at this location of the die 58 the polyes- 
ter resin and the thermosetting resin have not yet 
completely cured. This radial compression reduces 
20 the occurrence of thermal cracks and voids in the 
sleeve 42 and the syntactic layer 57, 

Jn the_ Figures mandrel is shown with twd 
feed Chlihneis. It will be understood that the num- 
ber of feed Channels can also be one or more than 
25 c two. or that an annular feed channel is applied. In ^ 
case of more than one f^ed channel, different com- - 
ponents for forming the thermal insulation layer can 
be supplied through sepairate feed channels. 

In a suitable embodiment of the invention the 
30 filament mat of reinforcement fibres is pre-impreg- 
nated with the thermosetting resin. 

Preferably each thermosetting resin is selected 
from the group of epoxy. polyester, polyurethane 
and phenol-formaldehyde resins.^ 
35 It will be understood that instead of introducing 

a polyester resin and microspheres into the space 
between the pipeline and the sleeve also a pure 
thermosetting, or a resin mixed with a foam gen- 
erating agent may be introduced into said space. 
40 Instead of introducing a filament mat and a 

thermosetting resin into the annular space between 
the die and the mandrel a filament mat only can be 
introduced into said space, which mat serves to 
contain the polymer resin between the mat and the 
45 pipeline before said resin has cured. 

A good bond between the syntactic insulation 
layer and the pipeline is obtained if the pipeline is 
provided with an anticonrosion coating, e.g. fusion 
bonded epoxy, before the syntactic insulation layer 
50 is applied. It will be appreciated that the internal 
diameter of the cylindrical channel of the mandrel 
through which the pipeline moves should then cor- 
respond to the outer diameter of the pipeline in- 
cluding the anticorrosion coating. 
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Ah exjDiBrirnent has been carried out in which^ 
cylindrical steel sample having an outer diameter of 
22 mm was used to simulate the pipeline. The 
steel sample was provided with a 0.50 mm thick 
anticorrosion coating of fusion bonded epoxy. The 
mandrel had an outer diameter of 72 mm, and the 
die had an internal diameter of 76 mm. In order to 
account for scale factors in the temperature dis- 
tribution resulting from heat supplied to the die. a 
solid rod rather than a tube was used as a steel 
sample. 

Two glass-fibre mats, one outer mat and one 
inner mat, were used to construct the sleeve. The 
outer mat was impregnated with polyester resin for 
forming the sleeve whereas the inner mat was kept 
dry. The function of the inner mat was to assist In 
preventing penetration of polyester resin for for- 
ming the thermal insulation layer through the 
sleeve when the polyester resin for forming the 
sleeve had not yet completely cured. 

A syntactic foam comprising a polyester resin 
and glass microspheres 3M type B37/2000 was 
injected in the annular space between the steel rod 
and the sleeve. 

To inject the syntactic foam into the space 
between the steel rod and the sleeve a twin feed 
system was used. One feed channel carried syn- 
tactic foam with resin containing catalyst while the 
other feed channel carried syntactic foam with ac- 
celerator in the resin, a ratio 1:1 being used. 

The die had the tubular shape shown in Rg- 
ures 1 and 2, and was heated to a temperature of 
100 *C. The sleeve and the rod were pulled 
through the die at a rate of 0.15 m/min. while the 
syntactic foam was pumped through the feed chan- 
nels at a pressure of 3.1 bar. Under these con- 
ditions a 10 m length of rod was successfully 
coated. Evaluation of the test results revealed that 
no voids or cracks were present in the syntactic 
layer, and that a good bond between the syntactic 
layer and the rod was obtained. 



Claims 

1. Method for thermally insulating a pipeline 
along at least part of its length, the method com- 
prising: 

- manufacturing a protective sleeve around the 
pipeline at a selected radial distance therefrom in a 
die and inducing both the sleeve and the pipeline 
to move axially at substantially the same speed 
relative to the die while maintaining an annular 
space between the sleeve and the pipeline. 

- progressively injecting components for forming a 
thermal insulation layer in the annular space be- 
tween the sleeve and the pipeline. 

2. The method of claim 1. wherein the compo- 



nents for forming the thermal insulation layer com- 
prise a thermosetting resin,, which resin is allowed 
to cure in the annular space between the sleeve 
and the pipeline so as to form a thermal insulation 

5 layer around the pipeline. 

3. The method of claim 2, wherein micro- 
spheres are injected into the annular space be- 
tween the sleeve and the pipeline simultaneously 
with the thermosetting resin. 

to 4. The method of any one of claims 1-3. 

wherein the step of manufacturing the protective 
sleeve is carried out simultaneously with the step 
of progressively injecting the components for for- 
ming the thermal insulation layer. 

^5 5. The method of any one of claims 1-4. 

wherein the step of manufacturing the protective 
sleeve comprises: 

- supplying a thermosetting resin for forming the 
sleeve to an annular space between the die and a 

20 mandrel extending in the die; 

- allowing the thermosetting resin for forming, the 
sleeve to cure so as to form the sleeve; and 

- simultaneously inducing the sleeve to move 
through the die. 

2S 6. The method of claim 5, wherein the step of 

manufacturing the sleeve further comprises: 

- supplying fibres to the annular space between the 
die and the mandrel simultaneously with the ther- 
mosetting resin for forming the sleeve, 

30 7. The method of claim 6, wherein the fibres 

are arranged in the form of at least one filament 
mat. 

8. The method of claim 7, wherein a filament 
mat is pre-impregnated with the thermosetting res- 

35 in for forming the sleeve. 

9. The method of any one of claims 2-8. 
wherein each thermosetting resin is selected from 
the group of epoxy, polyester, polyurethane and 
phenol-formaldehyde resins. 

40 10. The method of any one of claims 1-9. 

wherein the sleeve is induced to move through the 
die by pulling the sleeve through the die. 

11. The method of any one of claims 2-10, 
wherein the sleeve is induced to move through a 

45 tapered die. which die tapers internally to a smaller 
diameter, seen in the direction of movement of the 
sleeve. 

12. The method of any one of claims 2-11. 
wherein heat is supplied by a heater which sur- 

50 rounds the die along at least part of its length. 

13. The method as described hereinbefore with 
particular reference to the drawings. 

14. A thermally insulated pipeline whenever 
produced by a method as claimed in any one of 

55 claims 1-13 with particular reference to the draw- 
ings. 
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@ Method for thermally insulating a pipeline . <33) 
along at least part of its length, the method compris- 
ing manufacturing a protective sleeve (42) around 
the pipeline (33) at a selected radial distance there- 
from in a die (4) and inducing both the sleeve (42) 
and the pipeline (33) to move axially at substantially 



FIG. 3 
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the same speed relative to the die (4) while main- 
taining an annular space (51) between the sleeve 
(42) and the pipeline (33). Cornponents for forming a 
thermal insulation layer are progressively injected in 
the annular space (51) between the sleeve (42) and 
the pipeline (33). 
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